A novel actinomycete strain PS42-9 T , which formed short chains of spores borne on the tip of long sporophores arising from the substrate mycelium, was isolated from soil in Phu-Sang National Park, Phayao province, Thailand. The isolate contained meso-diaminopimelic acid in the cell-wall peptidoglycan. The whole-cell sugars of strain PS42-9 T were glucose, madurose, mannose, rhamnose and ribose. The characteristic phospholipids were phosphatidylethanolamine, phosphatidylmethylethanolamine, hydroxyphosphatidylethanolamine and ninhydrin-positive glycophospholipids. The major menaquinone was MK-10(H 4 ). The main cellular fatty acids were C 17 : 1 !8c and C 17 : 0 . The G+C content of the genomic DNA was 71.5 mol%. Phylogenetic analysis using 16S rRNA gene sequences revealed that strain PS42-9 T should be classified in the genus Herbidospora and was closely related to Herbidospora sakaeratensis DMKUA 205 T (99.10 %) and Herbidospora yilanensis NBRC 106371 T (98.61 %). The result of DNA-DNA hybridization and some physiological and biochemical properties indicated that strain PS42-9 T could be readily distinguished from its closest phylogenetic relatives. On the basis of these phenotypic and genotypic data, this strain represents a novel species, for which the name Herbidospora soli sp. nov. is proposed. The type strain is PS42-9 T (=BCC 46909 T =NBRC 108780 T ).
The genus Herbidospora [1] is a member of the actinomycetes which produce short chains of spores borne on the tip of long sporophores arising from the substrate mycelium, and belongs to the family Streptosporangiaceae. The type species is Herbidospora cretacea. Generally, this genus exhibits meso-diaminopimelic acid in the peptidoglycan, madurose as a characteristic sugar in whole-cell hydrolysates and phosphatidylethanolamine as the diagnostic phospholipid in membrane. At the present time, the genus Herbidospora contains five species: Herbidospora cretacea [1] ; Herbidospora yilanensis and Herbidospora daliensis [2] ; Herbidospora sakaeratensis [3] and Herbidospora mongoliensis [4] . Members of the genus Herbidospora are commonly found in soil [2] [3] [4] . During investigation of novel actinomycetes from soil samples in the northern area of Thailand, we isolated a strain, PS42-9 T , exhibiting morphological and chemotaxonomic characteristics typical of the members of the genus Herbidospora but which was genotypically and phenotypically distinguishable from all type strains of the genus Herbidospora species. Thus, the polyphasic characterization of strain PS42-9 T is presented.
Strain PS42-9 T was isolated from a soil sample collected from the Phu-Sang National Park in Phayao province, Thailand. The soil sample was air-dried at room temperature for 14 days. The dried soil sample was then ground and heated at 100 C for 1 h. The treated soil was serially diluted to 10 À3 concentration in 0.01 % sterile sodium lauryl sulfate in distilled water and spread on humic acid-vitamin (HV) agar [5] supplemented with 50 mg l À1 nalidixic acid and 50 mg l À1 nystatin. The colony of actinomycetes was purified on yeast extract-malt extract agar (International Streptomyces Project, ISP; ISP2 medium) [6] . The pure culture was preserved by freeze-drying.
To observe the morphology, strain PS42-9 T was cultivated on soil extract agar at 30 C for 30 days. First, the colonies of this strain were observed by light microscopy and then by scanning electron microscopy (model JSM-5410 LV; JEOL). The samples for scanning electron microscopy were prepared according to the method of Thawai et al. [7] .
In order to determine the phenotypic characteristics, several ISP media (ISP 2-7), glucose-asparagine agar (ISP 5 with 1 % glucose replacing glycerol), Czapek's sucrose agar [6, 8] and nutrient agar (Difco) were used in the study of cultural characteristics. ISCC-NBS Colour Chart standard sample no. 2106 was used for determining the colour of substrate mycelium, aerial mycelium and spores [9] . The standard method of Arai [10] and Williams and Cross [11] were chosen for testing nitrate reduction and the decomposition of gelatin, starch and casein. The temperature (10, 15, 20, 25, 30, 37 , 40, 45 and 50 C), NaCl (0, 1, 1.5, 2, 3, 4, 5, 6 and 7 % w/v) and pH (4-11, interval of 1 pH unit) tolerances for growth were determined on ISP 2 agar for 14 days. Utilization of carbon sources was performed on ISP 9 supplemented with 1 % carbon sources at 30 C for 14 days. The results are shown in the species description and Table 1 .
Biomass used for chemotaxonomic analyses was obtained from cell culture grown in ISP 2 broth on a rotary shaker (200 r.p.m.) at 30 C for 5 days. The isomer of diaminopimelic acid in the cell wall was analysed using the protocol of Hasegawa et al. [12] . The determination of the acyl type of muramic acid in the peptidoglycan was conducted by following the method of Uchida and Aida [13] . The whole-cell sugars were evaluated using the method of Komagata and Suzuki [14] . The polar lipids in the cell membrane were extracted and analysed by the methods proposed by Minnikin et al. [15] . The fatty acid composition was investigated by using a gas chromatograph (GC) and fatty acid methyl ester extraction was performed and analysed using the standard MIDI protocol [16, 17] with the TSBA6 MIDI database. Mycolic acids were determined using the method suggested by Minnikin et al. [18] . To evaluate menaquinones, freezedried cells of strain PS42-9 T were extracted by the method of Collins et al. [19] and analysed by high-performance liquid chromatography [20] .
The method of Tamaoka [21] was used for genomic DNA extraction. The 16S rRNA gene amplification and sequencing were conducted according to the procedure described by Thawai [22] . The G+C content of the genomic DNA was judged by the standard method of Tamaoka and Komagata [23] with Lambda DNA (Invitrogen) used as the control. The DNA-DNA hybridization was done by following the procedure described by Ezaki et al. [24] .
The 16S rRNA gene sequence similarity value of strain PS42-9 T (1450 bp) was calculated based on pairwise alignment using the EzBioCloud server (www.ezbiocloud.net/) [25] . The 16S rRNA gene sequences of strain PS42-9 T and all type strains of the genus Herbidospora were aligned using CLUSTAL W multiple alignment mode within BioEdit program version 7.1.3.0 [26] . The phylogenetic dendrograms between strain PS42-9 T and the closely related strains were reconstructed using the neighbour-joining (NJ) [27] , maximum-likelihood (ML) [28] and maximum-parsimony (MP) methods [29] in the MEGA 6 software [30] . A distance matrix was computed by using Kimura's two-parameter model [31] . The complete deletion option was chosen before reconstructing the topology of the tree. The stability of the topology of the phylogenetic tree was evaluated using the bootstrap method with 1000 repetitions [32] .
Strain PS42-9 T grew well on ISP 2, ISP 3 and ISP 7, moderately on ISP 5, weakly on ISP 4, ISP 6, Czapek's sucrose agar, glucose-asparagine agar and nutrient agar. The colour of substrate hyphae on these media was greyish greenish yellow. White spore masses formed on ISP 2, ISP 3, ISP 4, ISP 5, ISP 7 and Czapek's sucrose agar. Soluble pigments were not produced on any of the media tested. Strain PS42-9 T formed a group of short chains of spores borne on the tip of long sporophores arising from the substrate mycelium on soil extract agar at 30 C for 30 days (Fig. S1 , available in the online version of this article). The morphological characteristics of this strain are similar to those of the genus Herbidospora [1] .
The cell walls of strain PS42-9 T contained meso-diaminopimelic acid as the diagnostic diamino acid. The acyl type of the cell-wall muramic acid was N-acetyl. The reducing sugars in whole-cell hydrolysates were glucose, madurose, mannose, rhamnose and ribose. These sugars, with the exception of rhamnose, were observed in all members of the genus Herbidospora [1] [2] [3] [4] . The predominant menaquinone was MK-10(H 4 ), while MK-10(H 6 ) was detected as a minor component (89 : 11). This result was identical to several Herbidospora species [1, 3, 4] . The major cellular fatty acids (!5 %) were C 17 : 1 !8c, C 17 : 0 , 10-methyl-C 17 : 0 , C 16 : 0 and iso-C 16 : 0 (Table S1 ). Mycolic acids were absent. The polar lipid profile was characterized by the presence of phosphatidylethanolamine (PE), phosphatidylmethylethanolamine (PME), hydroxyphosphatidylethanolamine (OH-PE) and [3] . †Data for the reference species were taken from Tseng [2] .
Niemhom and Thawai, Int J Syst Evol Microbiol 2018;68:294-298 ninhydrin-positive glycophospholipids (Fig. S2 ). Three types of phospholipids, PE, PME and ninhydrin-positive glycophospholipids, were generally found in the members of the genus Herbidospora [1] [2] [3] [4] . In contrast, OH-PE was especially detected in strain PS42-9 T . The G+C content of the genomic DNA was 71.5 mol%. Chemotaxonomic characteristics of strain PS42-9 T were similar to those of members of the genus Herbidospora.
An almost-complete 16S rRNA gene sequence was obtained for strain PS42-9 T (1450 nt). The result of 16S rRNA gene sequence analysis showed that the strain exhibited a close relationship with members of the family Streptosporangiaceae and the strain formed a separate line of descent in the phylogenetic cluster of the genus Herbidospora (Fig. 1) . The relationship between strain PS42-9 T and all type strains of the genus Herbidospora was supported by the results from the NJ, MP (Fig. S3 ) and ML methods (Fig.  S4 ). 16S rRNA gene sequence similarity values showed that strain PS42- Strain PS42-9 T could be differentiated from the closely related species, H. sakaeratensis and H. yilanensis, on the basis of several phenotypic differences, i.e. the ability to liquefy gelatin, the maximum temperature for growth, the maximum NaCl tolerance, the pH range for growth and utilization of L-arabinose, L-rhamnose, cellobiose, D-xylose, glycerol and sucrose. Furthermore, DNA-DNA relatedness values between strain PS42-9 T and these two closely related species ranged from 31.5±4.3-39.7±3.8 %, which is well below 70 % cut-off point recommended for the assignment of bacterial strains to the same genomic species [33] (Table S2 ).
Base on the polyphasic evidence, PS42-9 T should be assigned in the genus Herbidospora as Herbidospora soli sp. nov. The type strain is PS42-9 T (=BCC 46909 T =NBRC 108780 T ).
DESCRIPTION OF HERBIDOSPORA SOLI SP. NOV.
Herbidospora soli (so¢li. L. neut. gen. n. soli of soil, referring to the soil as the isolation source). Fig. 1 . Neighbour-joining tree [27] based on almost-complete 16S rRNA gene sequences (1450 nt) showing the relationships between strain PS42-9 T , the Herbidospora species with validly published names and members of the genera Acrocarpospora, Planotetraspora, Microtetraspora, Planobispora, Sphaerisporangium and Streptosporangium. Streptomyces ambofaciens was used as an outgroup. Asterisks (*) indicate branches of the tree that were also found using the maximum-parsimony and maximum-likelihood methods; hashes (#) indicate the branches of the tree that were found by using the maximum-parsimony method. A Gram-stain-positive, mesophilic actinomycete that forms short chains of spores borne on the tip of long sporophores arising from the substrate mycelium. No soluble pigment is produced in test culture media. Peptonization of milk and hydrolysis of starch are positive. Gelatin liquefaction and nitrate reduction are negative. Utilizes cellobiose, D-fructose, D-galactose, D-glucose, D-mannose and mannitol as sole carbon sources; weakly utilizes L-arabinose, L-rhamnose, glycerol, sucrose and xylose as sole carbon sources, but not D-ribose, melibiose, raffinose, D-salicin, myo-inositol and lactose. The temperature for growth is between 15 and 30 C. The optimum temperature for growth is 30 C. The maximum NaCl concentration for growth is 1 % (w/v). The pH range for growth is 6-9. The cell-wall peptidoglycan contains meso-diaminopimelic acid. The acyl type of the cell-wall muramic acid is N-acetyl. The predominant menaquinone is MK-10(H 4 ); MK-10(H 6 ) is present as a minor component. The characteristic whole-cell sugars are glucose, madurose, mannose, rhamnose and ribose. The polar lipid profile contains phosphatidylethanolamine, phosphatidylmethylethanolamine, hydroxyphosphatidylethanolamine and ninhydrin-positive glycophospholipids as diagnostic polar lipids. The major fatty acids (>10 %) are C 17 : 1 !8c and C 17 : 0 , while 10-methyl-C 17 : 0 , C 16 : 0 , iso-C 16 : 0 , 2OH-C 15 : 0 , 2OH-C 17 : 0 , C 13 : 0 , C 14 : 0 , 2OH-C 16 : 0 , iso-C 15 : 0 , C 18 : 1 !9c, iso-C 17 : 0 , C 18 : 0 , C 16 : 1 !7c, 10-methyl-C 18 : 0 TBSA, 10methyl-C 16 : 0 and iso-C 14 : 0 are detected as minor components. Mycolic acids are absent.
The type strain is PS42-9 T (=BCC 46909 T =NBRC 108780 T ), which was isolated from soil of the Phu-Sang National Park in Phayao Province, Thailand. The DNA G+C content of the type strain is 71.5 mol%.
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